Objective: To examine reliable change in postconcussive symptoms and its functional consequences among children with mild traumatic brain injury (TBI) over the first year postinjury as compared with children with orthopedic injuries.
M ILD TRAUMATIC BRAIN injuries (TBIs) are common in children a n d a d o l e s c e n t s . A n n u a l l y i n t h e United States, more than 500 000 youth younger than 15 years sustain TBIs that require hospital-based medical care, most of which are mild in severity. 1, 2 Even if only a small proportion of children with mild TBI have persistent negative outcomes, then mild TBI is a serious public health problem. 3, 4 Although some reviews suggest that mild TBI has little effect on children, 5, 6 a growing literature indicates that children with mild TBI display more postconcus-sive symptoms than children with injuries not involving the head or healthy children. [7] [8] [9] [10] [11] [12] [13] Postconcussive symptoms include somatic (eg, headache and fatigue) and cognitive (eg, inattention, forgetfulness, and slowing) complaints commonly reported after mild TBI, albeit not specific to that condition.
Group differences in postconcussive symptoms are most pronounced shortly after injury. 7, 10, 11 Group differences also are larger following complicated mild TBI, as defined by abnormalities on neuroimaging, than after uncomplicated mild TBI. 11, 14 Other indicators of severity, such as loss of consciousness (LOC), are also related to persistent postconcussive symptoms. 7, 11, 13 Group differences in postconcussive symptoms also vary as a function of noninjury factors. 14, 15 Comparisons of group means are informative but do not indicate whether in-
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dividual children show significant increases in postconcussive symptoms following mild TBI more commonly than after other injuries. Analyses of reliable change have become a common approach to assessing individual changes in neurobehavioral functioning, including recovery from mild TBI. 16, 17 Analyses of reliable change determine whether an individual displays a statistically reliable change in scores across 2 occasions.
Regression-based methods generally yield the most accurate estimates of reliable change. 17, 18 In this approach, follow-up scores are regressed on baseline scores in a normative sample to generate a formula for predicting follow-up scores. 19 A standardized change score is computed by subtracting the predicted score from the actual follow-up score and dividing by the standard error of the estimate. If the standardized change score exceeds a predetermined value, it is considered to reflect reliable change.
We used data from a prospective, longitudinal project 20 to examine reliable change in postconcussive symptoms among children with mild TBI as compared with children with orthopedic injuries (OI). We have previously shown that children with mild TBI on average display more symptoms than children with OI 11,13 but have not examined individual change through analyses of reliable change; moreover, to our knowledge, no previous study has done so. We expected children with mild TBI to demonstrate reliable increases in postconcussive symptoms more often than children with OI, especially after more severe injuries, as indexed by LOC or abnormalities on magnetic resonance imaging (MRI).
We also sought to determine whether reliable change in postconcussive symptoms following mild TBI predicts significant functional impairment. In adults, persistent postconcussive symptoms are associated with occupational disability. 21 Moreover, in children with moderate to severe TBI, neurobehavioral symptoms predict poorer adaptive functioning and academic performance. 22 However, the functional significance of postconcussive symptoms in children with mild TBI remains uncertain. We expected that reliable increases in postconcussive symptoms among children with mild TBI would predict declines in health-related quality of life (HRQOL) and increases in educational intervention.
METHODS

PARTICIPANTS
Participants were children between 8 and 15 years of age presenting with either closed-head trauma or OI at the emergency departments at Nationwide Children's Hospital in Columbus, Ohio, and Rainbow Babies and Children's Hospital in Cleveland, Ohio. Children in the mild TBI group demonstrated an observed LOC; a lowest Glasgow Coma Scale 23 score of 13 or 14; or Figure 1 . Probability of reliable change in cognitive symptoms as a function of group membership. Children with mild traumatic brain injury (TBI) are divided into those with and without loss of consciousness (LOC) (A) and with and without abnormalities on magnetic resonance imaging (MRI) (B). OI indicates orthopedic injuries.
ARCH PEDIATR ADOLESC MED/ VOL 166 (NO. 7), JULY 2012 at least 2 signs/symptoms of concussion as documented by emergency department personnel. Children were not excluded for intracranial lesions or skull fractures or if they were hospitalized; however, they were excluded for any Glasgow Coma Scale score less than 13 or any medical contraindication to MRI.
Children in the OI group sustained an upper or lower extremity fracture yielding a score of 1 to 3 on the Abbreviated Injury Scale. 24 Children were excluded from the OI group for any evidence of head trauma or symptoms of concussion.
Exclusion criteria for both groups included any surgical intervention; any associated injury resulting in an Abbreviated Injury Scale score greater than 3 or that interfered with neuropsychological testing; hypoxia, hypotension, or shock following the injury; alcohol or drug ingestion associated with the injury; history of previous TBI requiring medical treatment; premorbid neurological disorder or mental retardation; history of severe psychiatric disorder; or assault or child abuse as the cause of injury.
The participation rate was 48% among children with mild TBI and 35% among those with OI. Participants and nonparticipants did not differ significantly in age, sex, minority status, or census tract measures of socioeconomic status (SES).
The final sample included 186 children with mild TBI and 99 children with OI. Of those, 268 (94%) completed the 3-month assessment and 253 (89%) completed the 12-month assessment. The proportion of completed assessments did not differ by group. Children who completed all assessments did not differ from those who did not do so in age, sex, preinjury symptoms, or early postinjury postconcussive symptoms but were more likely to be white and of higher SES.
The mild TBI and OI groups did not differ on age, sex, minority status, SES, or IQ ( Table 1 ). The composite measure of SES was based on years of maternal education, median census tract family income, and the Duncan Socioeconomic Index, which measures occupational prestige 25 ; higher scores reflect higher SES. The mild TBI group had higher scores on the Modified Injury Severity Scale. 26 
PROCEDURE
Institutional review board approval and parental consent and child assent were obtained prior to participation. Initial assessments occurred no later than 3 weeks postinjury (mean [SD], 11.35 [3.42] days). Parents rated children's preinjury symptoms and preinjury HRQOL retrospectively at the initial assessment. All but 4 children with mild TBI also completed MRI at that time. Parents provided ratings of postinjury symptoms at the initial assessment and at 3 and 12 months postinjury. Postinjury ratings of HRQOL were also collected at 3 and 12 months. Information was collected about preinjury educational intervention at the initial assessment and about postinjury educational intervention at 12 months.
MEASURES
Postconcussive Symptoms
Parents rated postconcussive symptoms using the Health and Behavior Inventory, 27 which is recommended as a core measure in the Eunice Kennedy Shriver National Institute of Child Health and Human Development Common Data Elements for TBI. 28 Scales representing cognitive and somatic symptoms were used as dependent variables. 27 Both scales demonstrated high internal consistency across assessment occasions (Cronbach ␣ from .83-.95). We have previously demonstrated group mean differences on the Health and Behavior Inventory in the current sample. 11, 14 
Quality of Life
Parent ratings of children's HRQOL were obtained using the 50item Child Health Questionnaire. 29 The Child Health Questionnaire yields standardized summary scores (mean [SD]=50 [10] ) for physical and psychosocial functioning. The reliability and va- lidity of the Child Health Questionnaire have been established across a range of chronic health conditions, 30, 31 as well as in studies of children with TBI. 32, 33 Higher scores indicate better HRQOL.
Educational Intervention
Information regarding educational programming was obtained from parents and teachers via questionnaires and through requests for school records and individual education plans. Consistent with previous research, 34, 35 children were considered to be receiving educational intervention if they were provided with any special accommodations within the regular classroom, received tutorial or remedial services not part of special education, or had a formal special education placement.
Potential Confounders
Parents completed the Child Behavior Checklist, 36 Brief Symptom Inventory, 37, 38 and general functioning subscale from the Family Assessment Device [39] [40] [41] at the initial assessment to rule out potential confounders. The Child Behavior Checklist and the Family Assessment Device general functioning subscale were completed retrospectively to reflect premorbid child behavioral adjustment and family functioning. The Brief Symptom Inventory was completed to assess current parent psychological distress.
DATA ANALYSES
To determine reliable change, 19 postinjury ratings of postconcussive symptoms were regressed on ratings of preinjury symptoms in the OI sample, separately for each postinjury assessment occasion and for the Health and Behavior Inventory Cognitive and Somatic Symptom Scales. The resulting regression coefficients were used to compute standardized change scores for children in both the OI and TBI groups by subtracting predicted scores from the actual postinjury scores and dividing by the standard error of the estimate. Standardized scores exceeding 1.64 (ie, in the extreme 5% of the distribution) were considered to reflect a reliable increase in symptoms.
Mixed-models logistic regression was used to examine group differences in the probability of reliable increases in cognitive and somatic symptoms across the 3 postinjury assessments. The OI group was compared with the mild TBI group, which was divided into those with and without LOC or those with and without trauma-related abnormalities on MRI. In addition to dummy variables for group, predictors included age at injury, SES, Child Behavior Checklist Total T score, Brief Symptom Inventory General Severity Index T score, and Family Assessment Device general functioning subscale total score. A likelihood ratio test was used to test whether group differences varied over time; if it was not significant, a likelihood ratio test was used to test if the groups differed overall.
The next set of analyses examined how reliable change in postconcussive symptoms among children with mild TBI was related to HRQOL. Children with mild TBI who did and did not display reliable increases in either cognitive or somatic symptoms, or both, acutely or at 3 months postinjury were compared in mixed-models analyses predicting Child Health Questionnaire summary scores at 3 and 12 months postinjury. Separate analyses were conducted for the physical and psychosocial summary scores. The retrospective rating of preinjury HRQOL was treated as a covariate.
Lastly, logistic regression was used to examine the likelihood of educational intervention at 12 months as a function of reliable change in symptoms among children with mild TBI. Predictors included 2 dichotomous variables (ie, reliable change and status of educational intervention prior to injury) and an interaction term involving the 2 predictors. Figure 1 displays the probability of reliable increases in cognitive symptoms as a function of group membership. Children with mild TBI are divided into those with and without LOC in Figure 1A and those with and with-out abnormalities on MRI in Figure 1B . The groups differed significantly in both analyses, whether children with mild TBI were grouped according to LOC ( 2 2 = 16.81; PϽ .001) or MRI abnormality ( 2 2 =9.03; P=.01). Children with mild TBI and LOC were more likely than children with OI to display reliable increases in cognitive symptoms ( Table 2 ). This was true at all occasions (initial assessment, odds ratio [OR]=11.72; 95% CI, 2.25-60.99; 3 months, OR = 5.07; 95% CI, 1.03-24.83; 12 months, OR = 5.54, 95% CI, 1.14-26.96). When children with mild TBI were divided into those with and without MRI abnormalities, only those without abnormalities were more likely than children with OI to display reliable increases in cognitive symptoms. Figure 2 displays the probability of reliable change in somatic symptoms as a function of group membership. Children with mild TBI are again grouped according to LOC (Figure 2A ) and MRI abnormality ( Figure 2B ). In this case, group differences were significant but declined over time when children with mild TBI were grouped by LOC ( 2 4 =10.74; P=.03) and to a lesser extent when they were grouped by MRI abnormality ( 2 2 =8.80; P=.07).
RESULTS
GROUP DIFFERENCES IN RELIABLE CHANGE
Children with mild TBI, both those with and without LOC, showed significant declines over time in the likelihood of reliable change relative to children with OI ( Table 2 ). Both groups were more likely to show reliable increases in somatic symptoms than children with OI at the initial assessment (LOC, OR=16.25; 95% CI, 5.13-51.44; no LOC, OR=7.78; 95% CI, 2.56-23.60) but not at 3 or 12 months postinjury. Similarly, children with mild TBI with and without MRI abnormalities also showed significant declines in the likelihood of reliable change in somatic symptoms. Both mild TBI groups were more likely to display reliable increases at the initial assessment than the OI group (MRI abnormal, OR=20.30;95%CI,5.51-74.80;MRInormal,OR=8.96;95% CI, 3.06-26.25). Only children with abnormal MRIs showed a higher likelihood of reliable increases at 3 months postinjury (OR=5.19; 95% CI, 1.14-23.60). Figure 3 displays the estimated means for HRQOL as a function of reliable change in symptoms at the initial assessment. Acute reliable change was a significant predictor of physical HRQOL ( 2 3 = 12.98; P= .005) but not of psychosocial HRQOL ( Table 3) . Among children with mild TBI, reliable increases in both cognitive and so-matic symptoms at the initial assessment predicted significantly worse physical HRQOL at both 3 and 12 months than for children who did not display any reliable symptom increases (3 months, mean difference=6.72; 95% CI, 2.50-10.94; 12 months, mean difference=5.13; 95% CI, 0.81-9.46). Children who displayed reliable increases in only cognitive or somatic symptoms at the initial assessment did not show declines in physical HRQOL. Figure 4 displays the estimated means for HRQOL as a function of reliable change in symptoms at 3 months postinjury. Reliable change at 3 months was a significant predictor of both physical and psychosocial HRQOL ( 2 3 = 28.23 and 2 3 = 37.71, respectively; both P Ͻ .001) ( Table 3 ). The relationship between reliable change and physical HRQOL varied across time ( 2 3 =10.34; P=.02). Among children with mild TBI, reliable increases in both cognitive and somatic symptoms at 3 months postinjury predicted significantly worse physical HRQOL at 3 but not 12 months postinjury (3 months, mean differ-ence=17.43; 95% CI, 10.37-24.49). Children who displayed reliable increases in only cognitive or somatic symptoms at 3 months did not show declines in physical HRQOL. Reliable increases in cognitive symptoms at 3 months predicted significantly worse psychosocial HRQOL at both 3 and 12 months (3 months, mean difference=6.27; 95% CI, 2.72-9.82; 12 months, mean difference=8.36; 95% CI, 4.54-12.18). Reliable changes in both cognitive and somatic symptoms predicted worse psychosocial HRQOL at 3 but not 12 months postinjury (3 months, mean differ-ence=6.81; 95% CI, 1.59-12.02).
FUNCTIONAL CONSEQUENCES OF RELIABLE CHANGE
Finally, reliable increases in symptoms at the initial assessment did not predict the onset of educational intervention. However, reliable increases in somatic symptoms at 3 months postinjury predicted an increased rate of educational intervention among children not already receiving intervention at the time of their injury (OR=5.94; 95% CI, 1.54-22.86; P=.01). This was not true for children already receiving intervention at the time of their injury (Wald test for interaction = 8.17; P = .004). Among children not receiving educational intervention at the time of injury, educational intervention was received at 12 months by 50% of children who displayed reliable increases in somatic symptoms but by only 14% of those who did not display reliable increases.
COMMENT
Children with mild TBI were more likely to exhibit reliable increases in both cognitive and somatic symptoms than children with OI. These differences became less common over time for somatic symptoms but persisted to 12 months postinjury for cognitive symptoms. Among children with mild TBI, reliable symptom increases were more common among children with LOC or abnormalities on neuroimaging. These results extend previous findings 11, 13 by showing that many individual children with mild TBI show substantial and persistent increases in postconcussive symptoms relative to their preinjury functioning.
Reliable change was significantly related to HRQOL as long as 12 months postinjury. Generally speaking, reli- able change in symptoms acutely was less strongly related to HRQOL than reliable change at 3 months postinjury. Thus, persistent elevations in postconcussive symptoms increase the risk of lasting detrimental effects on both physical and psychosocial HRQOL. These findings extend previous research on HRQOL in childhood TBI 32, 33 by showing that while mild TBI per se may not affect HRQOL, it can do so indirectly when associated with persistent increases in postconcussive symptoms.
In a similar fashion, acute increases in postconcussive symptoms were not related to educational intervention, but reliable increases in somatic symptoms at 3 months postinjury did predict an increased likelihood of educational intervention. The results indicate that persistent postconcussive symptoms have functional consequences that are likely to reflect impairment in children's daily functioning.
One study limitation is the use of parent report measures for assessing both postconcussive symptoms and HRQOL, which introduces shared rater variance. Another potential limitation is that recruitment rates for the mild TBI and OI groups were both less than 50% and that attrition was greater among children of lower SES and minority status. However, nonparticipants did not differ from participants demographically, SES and minority status were covaried in data analyses, and the mixedmodel analyses incorporated data from children who missed later assessments. A final shortcoming is the small number of children in the OI group who displayed reliable change. This is inherent in the computation of reliable change but limits statistical power. The small number of children with abnormal MRIs and receiving educational intervention also limited statistical power.
Our sample likely represents the more severe end of the spectrum of mild head injuries. In other words, based on our selection criteria, our sample does not encompass the entire population of children presenting to emergency departments for evaluation of minor closed-head trauma but instead involves only those with clear evidence of a mild TBI. However, our sample is similar in terms of injury severity to those recruited for larger epidemiological studies of children with mild TBI. 42 Health providers need to be able to identify children with mild TBI who are at risk for persistent postconcussive symptoms so that they can then target such children for appropriate management. Research is needed to clarify which injury-and noninjury-related factors increase the likelihood of reliable increases in postconcussive symptoms. The current research suggests that injury severity is one key factor. Advanced neuroimaging techniques may more clearly differentiate injury severity and its relationship to outcomes. 43 
